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.rp�¢P@+¢/?U�K[47BH\M1;úSTS>�/2TS47/2ZL:M6SU�øSB2:=�
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>�1�UHU=3ÇTAK]KLôC$©U=1�1 � 1�K]:xûÅ476�X s�1�35U�P�� <SCIrp�t%WCnZLU�/2@A1�\nBH4MøA@ � Z"�¢øS47B2/2Z]/2ZL:M6SZ]6A\�øABH: � K]1�õu$©N�8~R\%�"�2YSCG
=�ACG
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>�T�/2/2ZL6A\�4n>�BH:nUHU;/2@A1�øS47B2/2Z]/2ZL:M6fP&L~@A1�U2Z]÷�1(:73�/H@A1�>�:M6�)S\nTAB?4x/2ZL:M6�U2øS4M>�1>yü\nB2:xû�U�1 ù ø�:=�
6A1�60/2Z[47KLKLôÍû�Z]/2@Hv�Cwz"yfz8{}|�~~=� VA� CÁU2Z]6S>�1À47KLK�TA6A:nBHXA1�BH1�X�X�Z ó Z[U=ZL:M6�U#:73qv ó 1�B2/2Z[>�1DU�Z]60/H:/2:^12�0TS4MK"�jU2Z]÷�1�X¿U21�/?U�47BH1¾3Ç1�4MU2Z � K]1(>�:M6�)�\MTAB?4x/HZ]:n6SUq�~P�L~@A1(>�:0Us/~3ÇTA6�>W/2ZL:M6D�f$���%l$5>�47KLK]1DX62>�TA/HU2Z]÷�127.%Ö>�:nTA60/HUÖ/2@A1;6<TAõ � 1�B¦:73�6 � 4MX�7�1�X�\n1�UÖ/2@S47/�>�T�/�4M>�BH:nUHUb/H@A1�ø�47B2/2Z]/2ZL:M6fPqIÙ/sô<ø��
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A:MB�õ¼ZL6AZLõQZL÷�47/2ZL:M6®øABH: � KL1�õ^U~ZL6®\n1�6A1�BH4MK©C ò , øABH:�>�1�1DXAU�4MU;3Ç:nK]KL:xû�U2!�nP*+j6AZ|/HZL4MK]ZL÷�1(4¼>�:M6�)S\nTAB?4x/2ZL:M6�� 47/�û�Z]KLK�iSU=1�/��(¡�¢�£�¤M{0�~P
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Simulated Annealing
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õ¼4qô � 1�47õ � Z]\nTA:MTSUÁ:MB¦1 ó 1�6�Z]õ¼øa:nUHU=Z � KL1MPxI�K[U=:�C ó 4MB2Z[4 � K]1DUfõ^4qô � 1~U=/2BH:M6A\nK]ô#>�:n6A6A1D>W/21DX
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A:nB(õ^476<ôÍøSB2: � K]1�õ^U�C�/H@A1�U21¿X�Z[UH4MX ó 476��
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. � R øAB2: � KL1�õ^U*@�4 ó 1 � :<:MKL1�476 ó 4MB2Z[4 � KL1�U�476SX¿4J>�:nK]KL1�>�/2ZL:M6^:M3 � :nTA6SX�1DX��¢4MB2Z]/sô � :<:nK]1D476
/21�BHõ^U�476SX¿û�1#U21�1�ýÀ476�4MUHU=ZL\M6Aõ¼1�6n/�UH4x/2Z[U=3Çô0ZL6A\¼4MU;õ^476<ôD$5:MB�4MU�3Ç1�û�%�/H1�BHõ^U;4nU~ø�:0U2U2ZT�� K]1nPA.<TS>?@¿øSB2: � K]1�õ^U�@S4 ó 1¾4(6�4x/2TSBH4MKa>?@A:nZL>�1-:M3Z)A/26A1DU2U�3ÇTA6�>W/2ZL:M6�U�C�476�X¼/sô<øAZL>�47KLK]ô¼@S4 ó 1
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(A) Simulated Annealingt
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(B) Simple Extremal Optimizationu
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(C) Extremal Optimization at v τ=1.5
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N�ãÖéHãÖßAãÖæ-çbãÁñ
ÎD«�Ä7p?p[Ð ² ¶�º ±`¸ ­ ² Ë ¸ º¼· ² ¶¡Ñ?µ|­2³ ËH¶�µ Ò ¸ º7É�Ó�Ô Ê ´�ËH­ ±`² ´�º0Ë ¸[±`¸ ¶�º0ËJ´�º<Ó Æ ¶�³;·�µ|­j¯ ¸[±ÖÕ�× Ä7��p?£?m|{�zÖmFrjrj 0p
g�¤fy*hjtsmu¥0£?m|{�z Â lxtsp?zFzFm|��p?l0£Hp7Ø ¾ � Î!ÙM� À_Î/�¡�2Ð�Â2«

�7«"�b« x�{�Ò � ¶+Ú;Û�´ ± Ò ² ­|ÜQ¶ ²Ï¢ Ë\ÀcÄ7�nhsmFl0��pHhWwn�;pH�ÞÝÁg�hFÒ�w�ÎH�¡�2Ð�Â2«
�M«"�b«=x¦{2Ò({�l0§�ß�«=ÄMlnp?�0��p?lSw�Ô�ÒMº ÆH± Òn´ ± ­jÓ7àÌáHÒ ¸ µ ¸ Ñ ²=¸ Ò7³ ´�º<Ó�â ²2¸L±`¸ÇÆ ´Dµ ¸[±ÖÕ_¸ º^´_Ë ¸ ³;·<µ|­Ìã�¶WÓx­Hµ
¶Bä�àhÒ�¶Dµ Ò ±`¸ ¶�º × �Ö¡xiMr?«=Ì�pHoA« � pHtjtW«-å ¾ w0�D�D�����5�q���pÐ>À_ÎH�¡����Â2«

�n«"�b«dx�{�Ò�w(Þ�«�¬b{�l0�Mwb{�l<§Lß�« � mFp?rjp?ln¤Lp?z|§SwçæA­Hµ äH° ¥ ² Éq´�º ¸|¹ ­jÓ`â ²2¸L±`¸ÇÆ ´Dµ ¸[±ÖÕ�× �f¡7iMr?«�Ì*p?o�« � pHtjtW«èêé w<���=Î�À_Î/�D�q�2Â2«
�7« Â «-x�{�z|��p2hs�nw"ë�º ¸ Ò�­ ² ËH´�µA·n­ ²¢Æ ¶DµF´ ±`¸ ¶�º0° ±LÊx² ­2Ë Ê ¶DµFÓ¿µ ¸ ³ ¸[± Ë ¸ º ±LÊ ­ Æ ¶�º ±`¸ º0Ò7Ò7³ × �Ö¡xiMr?«�Ì*p?o�«-x´�¾ wAÌ*�q�D�����©�D�q���NÀ_Î/�D�D�pÂ2«ÐM«�Ä�«�x¦gxpHtjts£=¡0pHh�{�l<§Jy-«n}¾«ê�bpHhs£? 0r?wêàÖ¯ ±`² ­2³�´Dµ ¥ · ±`¸ ³ ¸|¹ ´ ±`¸ ¶�º-Ó-ã®­ ±LÊ ¶WÓ�Ë�Óx­ ²=¸ Ò�­jÓ�ä ² ¶�³ìâÖ¶�°àhÒ�¶Dµ Ò ±`¸ ¶�º × mFl�Äçàµâ�â ¥ °(íîílÀ5�Qg�hs�D{�l3ß�{� M¤[e({�l0l�wAÄM{�lfÑMh={�l0£Hm|rj£HgnwPÎ/�¡�+��Â2wA�D�D���©���q�7«



Î?�
�7«�Ä�«ïx¦gxpHtjts£=¡0pHhWwhàÁ¯ ±`² ­2³#´Dµ ¥ · ±`¸ ³ ¸|¹ ´ ±`¸ ¶�ºÙ´�º�Ó�Ä ² ´2· Ê Ô�´ ²2±`¸L±`¸ ¶�º ¸ º7ÉO´ ±�±LÊ ­OÔ*­ ²jÆ ¶DµF´ ±`¸ ¶�ºð Êx² ­2Ë Ê ¶DµFÓ ×dñ «A�¼{�ts¡S«��f¡xiMr?«0y����¼{�ts¡�«<};p?l�« ´�w w<�D���=Î2�¢���@Î2Î À_Î/�¡�¡�pÂ2«�M«�Ä�«=x¦gxpHtjts£=¡0p2h�{�l0§(y-«M}¾«��bpHhs£H 0r?wêÛ�´ ± Ò ² ­êò Ë�Ü¼´ Õ ¶óä ¥ · ±`¸ ³ ¸|¹H¸ º7É × y*hjtsmu¥0£?m|{�z Â lxtsp?zFzFmF�Dp?ln£?p¾A¾ é w<�D�D�W�v���pÐNÀ5���D�D�pÂ2«�M«�Ä�« x¦gxpHtjts£=¡0pHh;{�l0§Qy-«0}¾«��bpHhs£? 0r?w&À`mFlQ�Mhsp?�<{�h={�tsmFgDl�Â2«Î?�M«�Ä�«Sx¦gxp2tjts£2¡npHh�{�l0§À��«d��{�£?ªH 0r�Ò7m`w{ëaµ ±`² ´�³(­ ±`²=¸ÇÆH¸[±ÖÕ ´�º�Ó�³#­2³#¶ ²YÕJ¸ º�´(Ë2¶Dµ Ò�´îÑ?µ|­_³#¶WÓx­Hµb¶óä
ËH­Hµ äH°©¶ ² Éq´�º ¸|¹ ­jÓ ÆH²=¸[±`¸ÇÆ ´Dµ ¸L±ÖÕ+× �f¡xinr?«=Ì*p?o�«nd è Á w&ÎW���q���FÎ?�¡�q�fÀ_Î/�¡�pÐpÂ2«Î2ÎD«"�b«(Þ¦¡0p?pHrjp?e({�lSw�x�«kß�{�l0p2¤[r�Òxixwb{�l<§ � «���«b¬b{?inzFg�hWw7Ü Ê ­ ² ­ ±LÊ ­ ² ­j´DµLµ ÕQÊ ´ ² Ó�Ô ² ¶îÑ?µ|­2³_Ë
´ ² ­ × mFl��fhsgx£D«ng�¤ Â ñ Þ�y Â �(�=Î�wMpW§nr?« ñ «0��iMzFgD��gD nzFgDr*{�l0§	Ì�«@Ì�p?§nmutspHhqÀ5�Qg�hs�q{�l�ß�{� n¤Le({�lnl�wÄM{�l¼�¼{�tsp?gMw�Þ�y-w�ÎH�+�=Î5Â2w��D�@ÎH�©�D�D�7«ÎW�7«�Ñ¦« �v��«xÑ~mutjtsp?r?w ¥ · ±`¸ ³ ¸|¹ ´ ±`¸ ¶�º¼¶�º�ô�ÒDÉWÉx­jÓ"õa´�º<Ó�Ë Æ ´2·n­2ËZÓ È Û�­!ÚÙÄ*­2ºA­ ² ´Dµ Ô�Ò ² ·M¶�ËH­�ã¿¶�º ± ­âÖ´ ² µF¶ È ·q· ² ¶W´ Æ=Ê=× �Ö¡xiMr?«AÌ*p?o�« � pHtjtW«SåêöSwn��ÐD�@Î2�©�pÐq���>À_Î/�¡�pÐpÂ2«Î?�M«"�b«7d�h=§�÷g�r�{�l0§�y�«�ÌOøp?lxinm`wxmFl�� ð Ê ­ È*²2± ¶óä�âÖ¶�ÒMº ±`¸ º7É�wMpW§A« ñ «.Ä7��p?l0£?p2h*À5� Â ¬;wAÞ�{�e_�nhsm|§M�DpDwÎ/�q����Â2«ÎH�n«-��«�Ì�«Á}~{�hsp2iÍ{�l<§OÑ_«-Ä�« ñ gD¡nl0rjgDlSw"âÖ¶�³;·<Ò ± ­ ² Ë^´�º<ÓLù=º ±`² ´ ÆH± ´îÑ ¸ µ ¸L±ÖÕ+×;È Ä�Ò ¸ Óx­ ± ¶ ±LÊ ­ð Ê ­s¶ ²!Õ ¶óä&ÛÌÔ�°�âÖ¶�³;·<µ|­ ± ­2ºA­2ËsË*À � « �¾«AÑnhsp?pHe({�l�wM��pH�ÞÝ¦g�hFÒAw�Î/�q�+�pÂ2«ÎW�7«�Ñ¦«�};zFg�oDpHhWw�ÐSÒ ± Ò ² ­�Ô�´ ±LÊ Ë�äH¶ ² ù=º ± ­ÇÉx­ ² Ô ² ¶sÉ ² ´�³¾³ ¸ ºxÉ®´�º�ÓOõ ¸ º ¢ Ë ± ¶ È*²2±`¸ úÁÆH¸ ´Dµ�ù=º ± ­Hµ[µ ¸ °
Éx­2º Æ ­ × Þ¦gDe#�0 MtspHhsrÌû Ã;�0r?«=Ì*p?r?« è w����D���v���î�NÀ_ÎH���pÐ�Â2«ÎRÐM«�Ñ¾«7d�«n};g�z|§n��pHhs�Mw�Ä*­2ºA­ ±`¸ÇÆ;È µ Éq¶ ²=¸[±LÊ ³¾Ë ¸ ºOæA­j´ ²¢Æ=Ê=× ¥ · ±`¸ ³ ¸|¹ ´ ±`¸ ¶�º × ´�º�Óeã¿´ Æ=Ê7¸ º�­�õb­j´ ² º0°
¸ º7É × ÀÇy�§0§nmFrjg�ln� � p?rjzFpHixw@Ì*pW{�§nmFl0�Mw&Î/�D�¡�pÂ2«ÎW�7« ñ « � «Á}�hsp?p?lnp¼{�l0§@ß�« ñ «8ÄM n��g���mutWw�æ ¸ ³_ÒMµF´ ± ­jÓ È ºnºA­j´Dµ ¸ ºxÉ�Ú ¸L±LÊ ¶�Ò ±�² ­�ü�­ ÆH±`¸ ºxÉ�³�¶+Ò�­2Ë ×
Â dÁdÖd�¬Sh={�l0r?«ngDlNÞ�y�Ñ è w<�D��ÎH�v�D���NÀ_ÎH�D�2Ð�Â2«Î?�M«-}¾«AÄ�«<}�hspHr¢tWw�Þ�«<��«�Ä7gD .ÒqgD nz|mFr?wn{�l0§Oß�« � pHoMmFlSwçâÖ¶W¶�µ ¸ º7ÉD° ² ´ ± ­¾Óx­©·n­2º�Óx­2º Æ ­Rä?¶ ²~±LÊ ­�ËÇ· ¸ º0°
ÉDµF´�Ë=Ë#É ² ¶�Ò7º<ÓD°5Ë ± ´ ± ­9­2º�­ ² É Õ Ó�ù=³;·�µ ¸ÇÆ ´ ±`¸ ¶�º0Ëµä?¶ ² ¶=· ±`¸ ³ ¸F¹ ´ ±`¸ ¶�º
Ñ Õ Ë ¸ ³¾ÒnµF´ ± ­sÓO´�ºnºA­j´Dµ ¸ ºxÉ ×�f¡xiMr?«.Ì*p?o�« � pHtjtW« è öSw&ÎpÎH�q�fÀ_ÎH���pÐpÂ2«Î/�M«"x*«Ay-«S��p?l<§7hsmF£GÒ7rjgDlÀ{�l<§fÌ�« � pHz]{�l<§Aw È ³¾ÒMµ ±`¸ µ|­!Ò�­Hµ�´Dµ Éq¶ ²=¸[±LÊ ³mä?¶ ² ·M´ ²=±`¸[±`¸ ¶�º ¸ º7É(É ² ´2· Ê Ë ×
mFl���ænÒ�·n­ ²¢Æ ¶�³;·<Ò ±`¸ ºxÉ;ò í � w�ÄM{�l¼Ñ~mFp?��gnw�Þ�y�À_ÎH�+�q�2Â2«���M« ñ «S�;g�z|z|{�l<§Sw È Óq´=· ± ´ ±`¸ ¶�º ¸ ºLÛ�´ ± Ò ² ´�µ�´�º�Ó È*²2±`¸ úÁÆH¸ ´Dµkæ Õ Ë ± ­2³¾ËKÀ`k�l0mFoqpHhsrjmut©iQg�¤��QmF£=¡0mF�q{�l��hsp?rjr?w<y�l0l�y*hs��g�hWw&Î/�q���pÂ2«

��ÎD«�Ñ¾«=ÄA« ñ gD¡0lnrjgDl(pHt�{�z`«|w ¥ · ±`¸ ³ ¸|¹ ´ ±`¸ ¶�ºLÑ Õ æ ¸ ³_ÒMµF´ ± ­jÓ È ºnºA­j´Dµ ¸ ºxÉ�°¦´�º[àÁ¯2·n­ ²=¸ ³(­2º ± ´Dµ à�Ò�´�µu°
Òn´ ±`¸ ¶�ºAÔ�ýqÔ�Ä ² ´=· Ê Ô�´ ²=±`¸[±`¸ ¶�º ¸ º7É × Ã;��p2h={�tsmFgDlnrwÌ*p?rjpW{�hs£2¡ ´ åAw��2Ðq�W�v�+�q� À_Î/�D�¡�pÂ2«���7«-}¾«êß�{�hjiM�0mFr;{�l<§Jþ-«�ß� ne({�hWwSã�à ð ùYæ × ´[æ�¶óä ± Ú¦´ ² ­{Ô�´ ÆY¢ ´WÉx­�ä?¶ ² Ô�´ ²2±`¸L±`¸ ¶�º ¸ º7É�Ä ² ´2· Ê Ë ×
rjpHp�¡7tjts��� ÿ¡ÿ��������5 nrjpHhsr?« £?r?«  0e#l�« pW§M Sÿ��RÒ�{�hjiM�0mFrYÿ�e#p2tsm|rYÿ�e({�mFl�« rj¡xtse#z`w

���M«�Ä�«=ß�muhFÒM�0{�tjhsmF£�ÒAw.Þ�«7Ñ¾«n};p?z|{�tjtWw0{�l<§���«��b«�þÁp?£H£2¡nmÇw ¥ · ±`¸ ³ ¸|¹ ´ ±`¸ ¶�º|Ñ Õ Ë ¸ ³_ÒMµF´ ± ­jÓ(´�º0º�­s´�µu°
¸ º7É × Ä7£?mFp?l0£?p wêw�� wAÐq�@Î2�^ÐD�D�NÀ_Î/�D�D�pÂ2«���n«"�b«Ö�Qp2hsª¼{�l0§¦x�«ïÑnhsp?mFrjzFp?��p?lSwRã®­2³(­ ±`¸ÇÆ ´�µ Éq¶ ²2¸L±LÊ ³_Ë�´�º<Ó ±LÊ ­ úÖ± º�­2Ë=Ë�µF´�º<Ó�Ë Æ ´=·n­À¶Bä ±LÊ ­
É ² ´2· Ê Ñ ¸ °F·M´ ²2±`¸L±`¸ ¶�º ¸ º7É-· ² ¶îÑ?µ|­2³ × � p?£HtW«n�;g�tsp?rwÞ¦gDe#�0 MtW«AÄM£D« ¾�Á é Ø^��Ðq�W�¢�����>À_ÎH�+�D�pÂ2«���7«-��«n�QpHªW{�h=§Aw<}¾«���{�hsmFrjmÇw0{�l0§J��«0y�«�þ;muh={�rjg�hsgnwdæD· ¸ º�Ä�µF´�ËsË ð Ê ­j¶ ²YÕ ´�º�Ó � ­ Õ ¶�º<ÓXÀ � g�hsz|§Ä7£?mFp?lxtsmu¥<£DwAÄMmFln�q{���g�hspDwPÎ/�D�D�pÂ2«

��ÐM«qÌ�«��QgDl<{�rjrjgDlüpHt�{�z`«Fw��-­ ± ­ ² ³ ¸ º ¸ º7É Æ ¶�³�·<Ò ± ´ ±`¸ ¶�º<´Dµ Æ ¶�³�·�µ|­j¯ ¸[±ÖÕ ä ² ¶�³ Æ=Ê ´ ² ´ ÆH± ­ ²2¸ Ë ±`¸`Æò · Ê ´�ËH­ ±`² ´�º0Ë ¸[±`¸ ¶�º0Ë × òW�;{�ts nhsp Á���� w�ÎW�D���FÎW�q�fÀ_Î/�¡�¡�pÂ2«���7«�ã�­ ± ´D° � ­2Ò ²2¸ Ë ±`¸`Æ Ë/Ó ð Ê ­j¶ ²YÕ ´�º�Ó È ·D·�µ ¸ÇÆ ´ ±`¸ ¶�º × dÁ§Mr?« Â «k�-«PÃ;rje({�l�{�l<§ ñ «��b«�ß�p?zFzFi�ÀÖß~�
zF x��p2hWw�x¦g�r¢tsgDlSwPÎH�+�pÐpÂ2«

���M«-��«¡��{�£Hª? 0r�Ò7m`w@Ä�«x�¼{�rjz|g�o�wx{�l<§5�b«¡x�{2Ò�w È Ò�´DµF´�º Æ=Ê ­;Ó Õ º�´�³ ¸ÇÆ Ë ¸ ºQ­!Ò�¶Dµ Ò ±`¸ ¶�º × É ² ¶+Ú ±LÊ=× ´�º�Ó
Óq­©· ¸ º0º ¸ º7É#³#¶WÓx­Hµ Ë × �f¡xiMr?«AÌ*p?o�«nd è ´ wn�.ÎH���5�D�D�NÀ_ÎH�¡�2Ð�Â2«���M«�Þ�«î�¾«���{��<{�§nmFe#mutjhsm|g� ({�l0§(��«¡Ý¦{�l0l0{2Ò�{2Ò7mFr?w ¥ · ±`¸ ³ ¸|¹ ´ ±`¸ ¶�º ×AÈ ·q· ² ¶W¯ ¸ ³�´ ±`¸ ¶�º × ´�º<ÓOâÖ¶�³�°
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